Neuropsychiatric disorders, such as schizophrenia, are associated with abnormal brain development. In this review, we discuss how studying dimensional components of these disorders, or endophenotypes, in a wider range of animal models will deepen our understanding of how interactions between biological and environmental factors alter the trajectory of neurodevelopment leading to aberrant behavior. In particular, we discuss some of the advantages of incorporating studies of brain and behavior using a range of teleost fish species into current neuropsychiatric research. From the perspective of comparative neurobiology, teleosts share a fundamental pattern of neurodevelopment and functional brain organization with other vertebrates, including humans. These shared features provide a basis for experimentally probing the mechanisms of disease-associated brain abnormalities. Moreover, incorporating information about how behaviors have been shaped by evolution will allow us to better understand the relevance of behavioral variation to determine their physiological underpinnings. We believe that exploiting the conservation in brain development across vertebrate species, and the rich diversity of fish behavior in lab and natural populations will lead to significant new insights and a holistic understanding of the neurobiological systems implicated in neuropsychiatric disorders.
Introduction
Neuropsychiatric disorders are characterized by life-long cognitive and behavioral impairments with severe effects on quality of life. A substantial proportion of adults with these disorders can begin exhibiting symptoms while they are relatively young, indicating that a better understanding of the origins of neuropsychiatric illness requires a focus on mechanisms of brain and behavioral development (Money and Stanwood, 2013) . This is especially critical because symptoms of disease often manifest long after underlying causal processes have initiated. Neuropsychiatric disorders are often associated with genetic and environmental perturbations during critical periods in brain development (Jaffee and Price, 2007) . Thus, the challenge is to understand how interactions between genetic, epigenetic and environmental factors alter the trajectory of neurodevelopment to produce the aberrant structural and biochemical changes in the brain that are characteristic of disease. To improve therapeutic outcomes, we need to learn how to redirect maladaptive developmental trajectories toward a more typical path. Animal models that enable us to easily manipulate genes and the environment could teach us to detect when structural and biochemical changes occur in the brain during development and to determine how they might be corrected. For decades, studies on the causes and treatment of neuropsychiatric disorders have relied mostly on a few, intensively studied, rodent lab species. Therapeutic interventions discovered using these animal models have not always been easily transferred to humans. For example, whereas learning deficits in one genetic mouse model of neurofibromatosis type 1 were rescued with administration of statins, participants in a subsequent human clinical trial using the same therapy showed no significant improvement on any learning measures employed (Castrén et al., 2012; Krab et al., 2008) . Despite the impressive progress towards developing animal (especially rodent) models, it is clear that these models do not capture the full complexity of human mental illness.
Limitations in the cross-species transferability in neuropsychiatric interventions stem from: (1) a historic focus on an attempt to recreate complete neuropsychiatric disorders, as they are identified in humans, in lab models; and (2) a disproportionate understanding of how dysfunctional neurobiological substrates produce neuropsychiatric symptoms in only a few model species. In this review, we discuss how a paradigm shift from trying to recreate full neuropsychiatric disorders in a single species to studying dimensional components of these disorders, or endophenotypes, will be extremely productive and allow the use of additional species for research. We specifically discuss some of the advantages of incorporating studies of brain and behavioral development using various fish species into current neuropsychiatric research. Furthermore, we address the suitability of fish as potential lab models from both a comparative neurodevelopmental and neuroethological perspective.
Shifting focus to endophenotypes and comparative studies
Recreating the constellation of genetic (e.g., heritable polymorphisms or de novo mutations) and environmental (e.g., social interactions, nutrition) factors contributing to neuropsychiatric disorders in lab animals to produce bona fide disease models has been challenging. Instead of modeling all aspects of a disorder, focus has shifted toward using animals to model endophenotypes, which are heritable traits with clear, quantifiable, and neurobiological connections to a disorder that has been identified in humans (Bearden and Freimer, 2006; Gottesman and Gould, 2003) . Endophenotypes are often considered intermediate neurobiological phenotypes that mediate genetic and environmental effects to produce behavioral and cognitive symptoms in neuropsychiatric disorders (Reus and Freimer, 1997) . Unlike many current neuropsychiatric diagnostic criteria, which are criticized for relying on qualitative, discrete symptoms to classify disease and failing to capture variation in the expression of disease among individuals (Hyman, 2010) , endophenotypes are often quantifiable and continuous. Accordingly, the National Institute of Mental Health has moved toward the incorporation of endophenotypic data in neuropsychiatric diagnosis by establishing the Research Domain Criteria Matrix framework. This matrix summarizes endophenotypes on all levels of mechanism from genes to behavior for mental health disorders. Among endophenotypes, alterations in brain structure, gene expression, and neurotransmitter signaling are now easily investigated across vertebrate species because of significant conservation in the cellular mechanisms of brain development. For example, endophenotypes of schizophrenia include impaired dopaminergic and GABAergic signaling (reviewed in . On the other hand, behavioral and cognitive endophenotypes are more challenging to investigate because they rely heavily on behavioral paradigms not adapted for testing non-traditional lab species. For example, negative mood, a cognitive endophenotype of depression, is often sampled in rodents using forced swim tests (Homberg, 2013) , which pose clear challenges with cross-species comparison to other taxa such as fish.
The recent shift in emphasis to modeling endophenotypes for neuropsychiatric research has three major benefits. First, endophenotypes provide a biological description of symptoms that can be accurately quantified in non-human animals, such as GABAergic neuronal population size and connectivity, or elevated dopamine receptor expression. Second, using endophenotypes avoids potential problems with anthropomorphic paradigm design and interpretation of animal behavior when models are treated as bona fide recreations of human disorders. For example, Homberg (2013) describes the controversial interpretation of depressive immobility in rats placed in an inescapable stressful situation, the Porsolt swim test. In this test, a rat is placed in a pool of water from which it is impossible to escape and the time to which the rat ceases to try to escape and begins treading water is measured. Historically, treading water in this test is interpreted as negative mood or helplessness, although, as Homberg (2013) explains, this behavior may actually reflect an adaptive, presumably energetically favorable, response to chronic stress that indicates how the animal copes with the challenge. Third, a focus on neurobiologically defined endophenotypes affords us the opportunity to expand the repertoire of animal models to other species in which these endophenotypes can be easily observed and manipulated. Specifically, we suggest that a productive approach to studying endophenotypes in animal models is to first describe neural systems and the associated set of normal behaviors they support. These brain-behavior relationships are often originally established using functional neuroscience to correlate neuronal activity with production of a behavior and confirmed by establishing a causal brain-behavior relationship by manipulating neuronal signaling in this pathway and testing for subsequent effects on the behavior of interest. Second, we can test how these brain-behavior patterns compare across species, like the work that has been conducted on the conserved social decision-making circuit, a neural circuit in the basal forebrain and midbrain that appears to mediate social interaction behavior in vertebrates . Third, we can compare how alterations in conserved brain-behavior relationships compare to endophenotypes associated with cognitive and behavioral impairment. Finally, we stress the importance of validating behavioral tests for each species before using them to make behavioral inferences, as natural history and ecological differences between species can affect the usefulness of said tests. Validation can be thought of as ensuring that the behavioral assay actually represents the theoretical definition of that behavior (Cozby, 1997) . Empirical tests of behavioral consistency will help determine how well a test appears to measure the behavioral variable in question. For example, this process has been used to validate the open field test as an assay for exploratory behavior in guppies (Burns, 2008) . A similar approach has been applied to larval zebrafish where assessment of individual behavioral variation within a population allowed for a separation of the different types of responders to examine baseline movement and how this movement changed as a result of alterations in neuromodulator signaling (Shamchuk and Tierney, 2012) . This approach allows us to take advantage of the burgeoning field of neuroethology, which identifies the neural substrates supporting the production of naturally occurring animal behavior, including individual variation. Here we argue that ongoing neurobiological, genetic, and ethological work has set the stage for the increased use of fish in neuropsychiatric model organism research. By incorporating endophenotypes, new animal models, and comparative studies into neuropsychiatric research, we believe that we can achieve new insight and holistic understanding of the neurobiological systems implicated in neuropsychiatric disorders.
3. Using fish to understand the neurobiological substrates of behavior Current neuropsychiatric models are almost entirely limited to the use of pharmacologically-and genetically-manipulated rodents. The use of rodent animal models of disease is often justified because of a common mammalian ancestry with humans and neuroanatomical homology for most of the brain (Parker and Brennan, 2012) . Several genetic manipulation techniques are also available for mice and, more recently, rats (Wöhr and Scattoni, 2013) . In addition to rodent models, recent work has promoted the use of genetically manipulated Drosophila to study neuropsychiatric disorders (O'Kane, 2011) . Use of these insects promises simplified neuroanatomy and behavioral scoring, and also huge increases in scale of operation and genetic tractability. A deep homology between invertebrate and vertebrate anterior brain structures has been proposed, especially at the levels of neuronal differentiation and basic organization of sensory-neurosecretory versus motor neuronal organization (Strausfeld and Hirth, 2013) . Nonetheless, the comparatively reduced structural complexity and lack of vertebratespecific homologies between invertebrates and humans poses a challenge for modeling brain systems that might be relevant to human disease. We believe that fish provide a useful balance between these two systems for studying neuropsychiatric endophenotypes within and between species, especially where we can take advantage of experimentally tractable species and understand behavior in both the lab and natural populations.
Fish provide an array of practical benefits as a lab model. Fish models provide the opportunity for a substantial increase in the scale of experimental operation compared to rodents, enabling large-scale behavioral and genetic screens and rapid study of the effects of pharmacological and genetic perturbations during development (Pickart and Klee, 2014) . Indeed, studies using a wide range of fish species have begun to characterize dopaminergic and serotonergic brain systems (see Table 1 ). Despite some interspecific differences in protein/RNA expression, general patterns are observed across teleosts. For example, tyrosine hydroxylase (TH; an enzyme in the dopamine synthesis pathway) expression shows consistent general patterns throughout the forebrain, although there are minor differences between species in withinstructure expression, including differences in the number of THpositive nuclei in the ventral telencephalon. An exciting future avenue of research will be to link these relatively small neurological differences in closely related species to ecological variation and behavioral phenotypes to establish robust endophenotypes.
Although the teleost pallium lacks a characteristic laminar organization, which is observed in the cerebral cortex of mammals, it nonetheless contains nuclear masses with distinct afferent and efferent circuitry that resemble a rudimentary cortical organization (Ito and Yamamoto, 2009) . Moreover, our understanding of many basal neurotransmitter systems implicated in neuropsychiatric disorders, including dopaminergic, serotonergic, and noradrenergic (e.g., McLean and Fetcho, 2004;  Table 1 ) circuitry in fish is providing mounting evidence for anatomical, hodological, and neurochemical conservation in these circuits with mammals, including humans (O'Connell and Hofmann, 2012; Panula et al., 2006 ). This conservation is further supported by the observation of similarities in the inverted-U shaped dopamine receptor response kinetics (attributed to differential binding affinities for D1 and D2 receptors), which has been observed in mammals and now replicated in zebrafish Williams and Castner, 2006) .
Over the past decade, zebrafish have become one of the most genetically tractable animal species for modeling human disease (Pickart and Klee, 2014) . Many of these techniques, such as transgenics and targeted mutagenesis, are now being used in other fish species as well. With the current availability of genomic and transcriptomic databases for zebrafish (Howe et al., 2013; Vesterlund et al., 2011) , medaka (Berger, 2010; Kasahara et al., 2007) , sticklebacks (Jones et al., 2012; Leder et al., 2009) , guppies (Fraser et al., 2011) , and tilapia (ongoing; Lee et al., 2010) , fish are rapidly becoming the best vertebrate model for studying the effects of genetic manipulation across diverse genetic backgrounds encompassing multiple strains and species.
In addition to these practical benefits, studying fish affords us the opportunity to compare the function of neurobiological systems in lab strains with those in/from natural populations. Because brains have evolved to integrate sensory information and respond to environmental stressors, often in a species-or population-specific manner, there has been increasing pressure to incorporate ethology into behavioral neuroscience in non-human animals (Smulders, 2009; Stewart and Kalueff, in press ). Even within Rodentia, variation in the organization of primary sensory and motor cortices is likely associated with species-specific differences in perception and behavior (Krubitzer et al., 2011) ; however, this variation has been neglected in standardized lab paradigms. Furthermore, studying natural populations provides the ecological and evolutionary context needed to fully interpret the function of, and understand variation in, behavioral phenotypes. Focusing on ethology takes advantage of naturally occurring behaviors that often come with clear motivations, such as courtship, and that have evolved to meet the demands of the animal's environment (including interactions with conspecifics).
Although model organisms are desirable because of their standardized genetic background and ease of care in the lab, these very qualities can also lead to potential problems in the interpretation of behavior. By rearing generations of organisms in the lab, we may unknowingly select (2004) for traits that are adaptive for living in a lab environment (e.g. McGrath et al., 2009) , including a reduced fear of 'predators' and a reduced ability to adjust to dynamic conditions, both of which can have neurophysiological implications. Similarly, selection against less fit variants can be weak or absent in controlled lab environments, potentially leading to a buildup of deleterious alleles or combinations of alleles that would not normally occur in natural populations. This, in combination with reduced genetic variation due to founder effects and inbreeding in lab populations, suggests that neurobehavioral responses may not be representative of those expressed by natural populations. In support of this, a meta-analysis across taxa demonstrated that inter-individual behavioral differences in aggression, boldness, and exploratory behavior are more consistent over time in field organisms than in lab organisms (Bell et al., 2009) . Although the mechanism underlying this apparent reduction in the cohesiveness of behavior types across lab animals' lifespans has yet to be identified, the finding suggests that some aspect of the lab environment disrupts these adaptively linked behaviors. Another concern when studying lab-adapted species is that a behavioral response observed in the lab may not be biologically relevant in the natural environment, especially for behavioral phenotypes that depend on the environment in which they evolved. For example, lab animals may show reduced aggression to conspecifics both because of selection for this phenotype in the lab and because they were reared under nonstressful conditions in the lab (e.g., high food availability, with docile individuals). On the other hand, comparing individuals that have been lab-reared to those caught from natural populations provides an opportunity to examine how experience can significantly alter behavior. An example of this is found in studies showing differences between fieldcaught (predator-experienced) versus lab-reared (predator-naïve) female Atlantic mollies in their mate preferences in the presence of natural predators (Bierbach et al., 2011) . Incorporating information about how behaviors have been shaped by evolution will allow us to better understand the relevance of behavioral variation, and natural variants offer a broader array of phenotypes to study and determine their physiological underpinnings.
In fish, much is already known about the neurobiology of natural behavior and how individuals can change their behavior to respond to stressors in the natural environment . For example, neural substrates underlying many behaviors, including aggression, dominance, and affiliation, have been identified in cichlids (Greenwood et al., 2008; Oldfield and Hofmann, 2011; Trainor and Hofmann, 2006) , zebrafish (Colman et al., 2009; Larson et al., 2006) , blenniid fish (Grober et al., 2002) , and species in the family Salmonidae (Øverli et al., 1999; Nilsson, 1992, 1993) , among many others (Table 2) . It has been suggested that the brain regions responsible for social behavior and the reward pathway (and their integration) were present in primitive vertebrates (O'Connell and Hofmann, 2011). As such, mammals and fish share an ancient, but conserved neural circuitry underlying social behaviors (and likely non-social, rewarding behaviors as well), so it is perhaps not surprising that many types of social behavior elicit similar physiological responses across taxa. For example, although not explicitly measured for comparative purposes, some endocrine and behavioral responses to stressful social situations in fish appear to be congruent with responses to similar situations in rodents. Specifically, the social defeat paradigm (where individuals are forced to retreat in social encounters) is often used to induce a depressive-like state in rodents, which includes changes in behavior (reduced social interaction, anhedonia) and in endocrine response (elevation of the hypothalamic-pituitary axis (HPA), altered endocrine metabolism) that mirror symptoms of depression in humans (e.g. Blanchard et al., 1993) . In some species, notably the Salmonidae, dominance hierarchies form in which the subordinate individuals exhibit persistent, altered behavioral and endocrine responses following defeat (Abbott et al., 1985) . Although proper validation is still required, at face value, these changes in behavioral inhibition and increased activity of the hypothalamic-pituitary-interrenal axis (the teleost homolog to the HPA; Øverli et al., 1999; Winberg and Lepage, 1998) appear to be similar to the changes observed in defeated rodents. Together, these findings provide evidence for a common response of fish and rodents to social stress, supporting the cross-taxa validity of this paradigm. Furthermore, new fish models of human psychiatric and neurological disease have shown tremendous promise. Petzold et al. (2009) developed assays to sample locomotor responses to nicotine exposure and sensitization for forward genetic screens in a zebrafish population with induced genetic variation. In addition to characterizing the development of nicotinic locomotor responses in wild-type zebrafish, the authors identified two zebrafish mutants with an altered nicotine response. Both mutations were localized to genes with human orthologs, potentially providing novel genetic targets for the study of nicotine addiction. Similar protocols have been used to isolate zebrafish mutants with altered sensitivity to ethanol (Peng et al., 2009) . The degree to which locomotor sensitization in these studies reflects incentive sensitization, thought to be the hallmark cognitive endophenotype of substance addiction (Robinson and Berridge, 2008) , requires additional testing. Matsui et al. (2013) created mutants with deficiencies in orthologs of genes associated with Parkinson's disease in humans. Fish that were deficient in two genes, pink1 and parkin, developed behavioral phenotypes similar to Parkinson's disease in humans, and showed subsequent degeneration of dopaminergic neurons and defects in mitochondrial enzymatic activity, both of which are endophenotypes associated with this disease. Finally, in studies of senescence, Reznick et al. (2004 Reznick et al. ( , 2006 examined the evolution of reproductive life history traits of wild populations of guppies, and found that increased extrinsic mortality rate (as a product of predation pressure) selects for longer lifespans by specifically lengthening the period in which individuals are capable of reproduction. This is the only vertebrate study to-date to provide a model in which the evolution and genetic basis of senescence, including age related behavioral performance, can be studied in an experimental paradigm. For these reasons, we believe that complementing studies of lab-adapted fish species with parallel studies of the neuroethology of fish from wild populations will provide a robust understanding of how the brain develops to control behavior across species.
Gaining insights into the neurodevelopmental origins of psychiatric disorders using zebrafish
Although various neurotransmitter systems have been investigated in zebrafish (e.g., McLean and Fetcho, 2004) , the dopaminergic system is perhaps the most widely studied so far and, for the purposes of this review, serves to exemplify how brain and behavior studies in fish are useful for modeling relevant disease endophenotypes. The distribution and organization of dopaminergic neuronal populations in zebrafish show striking similarity to those in mammals; this is attributed to conservation in inductive signaling and genetic processes controlling neurogenesis during brain development (reviewed in Tropepe and Sive, 2003) . Furthermore, genetic and pharmacological perturbation to the development and function of dopaminergic neurons produces motor deficits in zebrafish akin to those observed in mammals, suggesting functional conservation in the affected dopaminergic circuit with the mesostriatal dopaminergic pathway in mammals (Dunnet, 2005; .
Based on this conserved development and function, tested the suitability of the zebrafish as a model of the neurodevelopmental and behavioral consequences of impaired dopaminergic signaling during development, a relevant endophenotype in schizophrenia (Hurd and Hall, 2005) . The authors perturbed neurodevelopment in zebrafish larvae by altering dopaminergic signaling, which influences multiple neurogenic processes involved in dopaminergic neuronal development in fish and mammals and GABAergic neuronal development in mammals (Crandall et al., 2007) . Dopamine treatment was administered 3-5 days postfertilization; a sensitive period during which neurons are capable of responding to dopamine, but dopaminergic circuitry has not fully developed (Schweitzer and Driever, 2009 ) and several simple visuomotor behaviors first appear (Portugues and Engert, 2009) . Through the use of pharmacological agents, the authors found that altered dopaminergic signaling caused significant reductions in both the development of GABAergic neuronal populations throughout the brain and in larval movement during behavioral assays following treatment. The authors demonstrated that these effects on GABAergic neuron development and locomotion are mediated through D2-receptor-mediated inhibition of Akt activity, as previously reported in rodents (Beaulieu et al., 2004 (Beaulieu et al., , 2005 (Beaulieu et al., , 2007 . By incorporating treatments with the dopamine neurotoxin MPTP, the authors also demonstrated that reductions in GABAergic neuron development and locomotion are produced when dopaminergic signaling was agonized or antagonized, producing an inverted-U shape response curve characteristic of altered dopamine signaling in mammals Williams and Castner, 2006) . The similarity between mammals and zebrafish in the effects of altered dopaminergic signaling on neurodevelopment, behavior, and response kinetics show that it is appropriate to study altered dopaminergic signaling, in addition to these downstream effects on neuronal circuitry and locomotion, as endophenotypes across species. It is worth mentioning that animal models of GABAergic neuronal development, like the zebrafish, are particularly attractive given recent work demonstrating that GABAergic circuit maturation determines the onset of critical periods in brain development (Takesian and Hensch, 2013) . This recent finding, combined with a recent shift in therapeutic intervention to treating neurodevelopmental disorders in adulthood by reactivating neuroplasticity to levels observed in critical periods of development (Castrén et al., 2012) , shows that zebrafish will be an invaluable model in future neuropsychiatric research.
The Trinidadian guppy as an emerging model
The Trinidadian guppy, Poecilia reticulata, a small freshwater fish, is a powerful model system for the study of the evolution of morphological, life history and behavioral traits in a natural context (Houde, 1997; Magurran, 2005) . Wild populations in Trinidad show substantial variation in many traits that have been shaped by both natural and sexual selection; this has functioned to create a large pool of known natural variation in phenotypes, which can be used for comparative studies.
A key ecological factor that has influenced many traits of guppies is predation. Predators that co-occur with guppies impose different predation risks in different sections of streams and rivers. Guppies from 'high-predation' sites co-occur with large predators that frequently Predator exposure increased DA, followed by a decrease in DOPAC; conspecific intruder decreased DA followed by an increase in DOPAC Bell et al. (2007) Rainbow trout, Oncorhynchus mykiss DOPAC/DA higher in some brain regions of subordinate fish following hierarchy formation Øverli et al. (1999) Apomorphine increased aggression Tiersch and Griffith (1988) Fluoxetine decreased aggression in territorial males when confronted with intruders Perreault et al. (2003) prey on large, adult guppies, while 'low-predation' sites only have a single, omnivorous predator that is gape-limited and infrequently preys on smaller guppies (Reznick et al., 1996) . Guppies that co-occur with different predators show distinct differences in social, reproductive, and anti-predator behaviors (Houde, 1997; Magurran, 2005) . Guppies also express variation in developmental patterns of behavior. For example, guppies from some populations show well developed shoaling behavior from birth through adulthood, others only shoal when they have been startled, while others shoal at birth but, as adults, only shoal when startled (Magurran, 2005; Magurran and Seghers, 1991) . Lab studies have shown that the several factors during postbirth development can influence the shoaling behavior in guppies including exposure to predators (Huizinga et al., 2009; Li and Rodd, unpublished data) and interactions with conspecifics (Song et al., 2011) . Therefore, guppies provide an exciting range of behavior patterns for study. In contrast, although zebrafish strains do differ in some properties of shoaling, e.g. there are slight between-strain differences in inter-individual distance, strains show similar increases in shoaling behavior over the course of development; that is, increases in shoaling from larva to adult (Mahabir et al., 2013) . Furthermore, wild zebrafish populations do not differ in time spent shoaling (Wright et al., 2003) . Therefore, guppies could be used to complement studies in zebrafish to develop a comprehensive framework that incorporates several different factors influencing this type of social behavior. This rich array of genetic, ethological and evolutionary information makes the guppy an attractive model for neurological research. A behavior that is frequently studied in neuropsychology and evolutionary biology is risk seeking, or exploratory behavior, defined as the willingness of an individual to investigate novel stimuli (Crusio, 2001 ). This behavior is of interest to neuropsychologists because of its relation to anxiety, addiction and disease and to evolutionary biologists because of its fitness consequences (e.g. Burns, 2007) . Standardized tests, such as the open field test, are widely employed in studies of behavior from insects to mammals to assay exploratory behavior and anxiety. The open field test is simple and highly adaptable and has been used to test a wide range of fish species including guppies (Csanyi and Gerlai, 1988; Gomez-Laplaza and Morgan, 1991; Kleerekoper et al., 1974; Neumeister et al., 2004; Yoshida et al., 2005 ; specifically guppies: Budaev, 1997; Burns, 2008; Mikheev and Andreev, 1993; Warren and Callaghan, 1975) . To determine factors contributing to behavioral differences in the open field test, some studies on lab organisms, including rodents, have recorded behavioral phenotypes of a number of individuals from a given strain and grouped organisms into 'high' and 'low' responders. Although this approach is useful in providing preliminary associations between behavior and a possible mechanism, it is not clear if these differences are reflective of outbreeding populations, such as humans.
For guppies, we know that individuals vary in their degree of exploratory behavior, with individuals originating from populations with a relatively low risk of predation exploring more than individuals originating from populations exposed to more dangerous predators; some, but not all, of this variation has a genetic basis (Burns, 2007) . The next steps in this work will be to (1) ask whether levels of neurotransmitters vary across populations, and (2) to manipulate neurotransmitter levels to determine if behavioral phenotypes are altered as would be predicted by studies in other taxa. Preliminary data indicate that, as in rodents (Carrey et al., 2000; Hughes and Greig, 1976) , guppies given an acute dose of the pharmaceutical methylphenidate (Ritalin), which affects dopamine levels (Kaplan and Reiss, 1998) , increase their exploration of novel objects and environments (De Serrano, Fong and Rodd, unpublished data) . This is an excellent example of how methodologies from two very different models can converge.
One clear advantage of this guppy system is that the ecological context (predation pressure) has produced, across replicate sets of population, behavioral syndromes; that is, associations between behavioral traits over time, situations or both. For example, guppies experiencing relatively high predation risk shoal with conspecifics, are less likely to explore novel stimuli and are less aggressive with conspecifics (Burns, 2007; Magurran and Seghers, 1991) than those experiencing low predation risk. Observations of behavioral syndromes are a novel way to ask whether there are common neurophysiological mechanisms underlying integrated sets of behavior and to discover how behaviors are integrated across different scenarios. Using zebrafish as an entry point to these mechanistic studies has already proven advantageous. Norton et al. (2011) report a physiological connection between genetic influences and behavioral syndromes. The authors identified a mutation in the fibroblast growth factor receptor 1a gene (fgf1a) that increased aggression, boldness, and exploratory behavior in zebrafish. The authors demonstrated that Fgf signaling and downstream effects on histamine neurotransmission in the brain mediated the change in behavior. It was also proposed that widespread use of histamine neurotransmission in the brain might serve as a behavioral clustering mechanism in behavioral syndromes (Norton et al., 2011) . When strong associations between behaviors are not observed, aspects of the ecological or social environment (e.g., density of conspecifics) can be explored to identify factors involved with the decoupling of these suites of behaviors and will allow us to determine what neurological links have changed. This approach will help to identify stressors that upset normal physiological and behavioral associations.
In addition to exploratory behavior, guppies have other well-defined physiological changes and behaviors that could be exploited as markers for neurological disorders. For example, guppies are well known for their mating system; females evaluate males before mating based on male coloration and courtship behavior. Males court females by displaying their multi-colored bodies to females using shimmering motions and typically males spend a huge fraction of their overall time budget pursuing and courting females (who in contrast, spend most of their time foraging) (Magurran and Seghers, 1994) . Guppies show considerable variation in the expression and development of courtship behavior. Males increase the number of courtship displays directed at females over the first few weeks post-maturation and the rate of courtship depends on characteristics of their population of origin (high-or lowpredation) and the degree of competition for mates during development. The degree of responsiveness of males to the degree of competition itself varies between populations (Rodd and Sokolowski, 1995) . Since healthy males normally spend so much time engaging in these conspicuous behaviors, the absence of these behaviors makes it easy to recognize when males are ill, or otherwise unmotivated to court females. Male guppies also increase the number and area of the black spots on their sides in the presence of females to accentuate their color patterns (Houde, 1997) . We propose that reductions in courtship behavior and black spots on male guppies could be a good metric for affective disorders. Consistent with this model, male mice are known to exhibit decreased sexual motivation when they enter depressivelike states; for example, healthy, normal male mice mark territories with urine to attract females and to establish dominance. Males who experience chronic social defeat reduce their scent marking, and the opposite is observed in mice exposed to enriched environments (Lehmann et al., 2013) . Chronic administration of a common anti-depressant (fluoxetine) was shown to counteract the endocrine and behavioral effects of social defeat, which further supports the link between decreased libido and depressive-like states in rodents (Lehmann et al., 2013) . Therefore, if similar physiological responses can be associated with decreased sexual motivation in male guppies, this will further validate the cross-taxa relevance of this behavior and its link to depression.
In addition, the guppy offers other underutilized tools that make them attractive for experimental neuroethological research. For example, guppies possess a patch of chromatophores covering the braincase called the meninx. In response to stress, melanophores aggregate in the meninx, which causes visible darkening in this region (Gibson et al., 2009 ). This offers a non-invasive way to evaluate the stress response, allowing changes in stress to be monitored over time, e.g., during open field tests, and could be coupled with other tests of affective state.
6. Studying the role of maternal environment on brain and behavioral development in guppies and related species Another advantage of studying guppies and related species in the family Poeciliidae is that they are livebearers, carrying their offspring internally for several weeks. This makes them a convenient analog to live bearing in mammalian species. Although embryos carried internally are not as conducive for the study of the development of neuropsychiatric endophenotypes as the transparent embryos of zebrafish, this reproductive mode provides unique opportunities for studies of the effects of maternal environment on neurological development in a non-mammalian model. Within the Poeciliidae family, there is high diversity in reproductive modes, ranging from no placenta (eggs fully provisioned prior to fertilization) to species with intermediate degrees of maternal provisioning to species with full 'placentation' (maternal provisioning throughout embryonic development; reviewed in Pollux et al., 2009) . Thus, by comparing closely related species that differ in degree of placentation, it will be possible to dissect maternal effects from genetic contributions to neurodevelopmental disorders. This placentation gradient could be utilized to better understand neurological defects caused by environmental teratogens, and also to determine the role of prenatal stress exposure on coping ability later in life (e.g., Shanks and Lightman, 2001 ).
Summary and outlook
Although initial research promises a rich future for fish as models for endophenotypes and their genetic, neurobiological, and behavioral consequences, more work needs to be done to fully develop fish as models for answering ongoing questions in neuropsychiatric research. For example, because neuropsychiatric disorders are often classified by symptoms expressed in adulthood, more work is needed to understand the role of neurodevelopmental perturbation on adult behavior. Recent work has added prey capture behavior in zebrafish at later developmental stages (Muto and Kawakami, 2013) and locomotor behavior in adults (Stewart and Kalueff, 2014) to the growing repertoire of zebrafish behavioral assays. We need to define the neurobiological bases of natural behaviors in fish, including sociability, mate search, and territoriality, that may be impacted by neuropsychiatric endophenotypes. Introducing novel model systems such as the guppy, where ecological and behavioral variation is well understood, can help to complement work on organisms that have many genetic tools, but little information on the ecological relevance of observed phenotypes, such as zebrafish. We know a great deal about natural variation in these behaviors in guppies and other species-defining the neurobiological bases for this variation will be hugely informative. We will also be able to perturb development using pharmaceutical and other manipulations and follow the results through adulthood and then ask how successful remediation measures might be used to redirect maladaptive developmental trajectories towards a more typical path. Conversely, more work investigating the neural basis of well-studied behaviors in wild populations of fish is required to maximize transferability of findings between lab and field organisms.
We believe that combining the recent shift from modeling bona fide human neuropsychiatric disorders to endophenotypes in animals, along with the incorporation of new animal models and cross-species analysis will benefit neuropsychiatric research in two ways. First, the incorporation of new animal models will provide researchers with a whole suite of animal paradigms in the study of disease, each with a unique set of ecological and practical advantages and constraints. Second, by identifying patterns that are conserved across species, we will move toward a more holistic understanding of the developmental origins and behavioral effects of neurological disorders in humans and other animals.
Here, we have shown that fish provide a useful starting point for the development of models to test the neural and behavioral consequences and treatment of neuropsychiatric endophenotypes across species. We believe that this holistic understanding will improve the robustness and transferability of techniques in the identification and treatment of neuropsychiatric disorders.
